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SYSTEM AND METHOD FOR COMMUNICATING CALIBRATION DATA 

BACKGROUND OF THE INVENTION 

The present invention relates generally to the field of sensor electronics and in 
particular to a system and method of communicating calibration data from a sensor to a 

5 data acquisition system. 

Force/Torque (FT) sensors are widely utilized in a broad range of industrial and 
research applications, including robotics, telerobotics, product testing, orthopedic 
research, rehabilitation research, haptics research, prosthetics, real-time force control 
and force feedback, robotic surgery, and many others. FT sensors measure force 

10 and/or torque in one or more axes. A six-axis FT sensor, for example, measures force 
and torque in three orthogonal axes (F x , F y , F z , T x , T y and T z ). FT sensors comprise one 
or more transducers (such as strain gauges) that translate an experienced force or 
torque into an electrical signal, typically an analog voltage level. The analog signals 
representing force and torque measurements are often transmitted from the FT sensor, 

15 which is often mounted on a robot arm or other restricted space, to a data acquisition 
(DAQ) system, which may be located some distance from the FT sensor. 

To convert a force or torque experienced by the FT sensor from its analog 
voltage output level to a standard unit, each FT sensor typically has a set of calibration 
data associated with it. Usually, due to variations in the physical properties of the sensor 

20 transducers, each individual FT sensor has a unique set of calibration data; using the 

calibration data for one FT sensor to calibrate the output of a different sensor - even one 
from of the same type - will yield erroneous force and torque readings. Conventionally, 
the calibration data are provided separately from their associated FT sensors, such as 
on a floppy disk, CD-ROM, or other convenient digital data storage/transfer medium. 
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This practice has the serious disadvantage that, in practice, it is difficult to maintain each 

FT sensor with its appropriate calibration data, particularly in installations with many 

different FT sensors and (hence many different sets of calibration data). This leads to 

the use of incorrect calibration data for many FT sensors. At best, the results are 

5 nonsensical, and the correct calibration data must be located and loaded into the data 
acquisition system, and the force/torque measurements re-taken. At worst, the 
calibration data used may be very close to, but different from, the correct calibration 
data. In this case, the force/torque readings are erroneous, but not so egregiously 
erroneous as to flag suspicion (or trigger range-checking in software) that would indicate 

1 0 the calibration data are amiss. 

In addition, even when careful tracking eliminates the confusion between 
calibration data and individual FT sensors, when an individual FT sensor requires re- 
calibration or calibration certification, both the FT sensor and its associated calibration 
must be supplied, requiring careful tracking and coordination throughout these 

1 5 processes as well as during typical use of the FT sensor. 

One solution to this problem of physical separation of FT sensors and their 
associated calibration data is to locate the calibration data within the housing of the FT 
sensor itself, such as in a ROM, EEPROM, PAL, FPGA, register file, or the like, as is 
well known in the art. This may result in an FT sensor having analog force/torque 

20 reading outputs and digital calibration data, requiring two separate transmission paths 
(analog and digital) from the FT sensor to the data acquisition system. 

One solution to this problem known in the art is to digitize the force/torque 
outputs at the FT sensor, and transmit only digital data - including both force/torque 
outputs and calibration data - to a data analysis system. However, this solution 

25 presents several drawbacks. FT sensors are often designed to be as compact as 

possible, and the inclusion of analog-to-digital converter (ADC) circuits in the FT sensor 
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housing increases its size. In many applications, FT sensors must be rugged, and the 

ADC electronics may adversely impact ruggedness and reliability. Additionally, in many 

applications, precise quantization of the force/torque readings is required, necessitating 

sophisticated data acquisition (DAQ) electronics that may be updated several times over 

5 the life of the FT sensor. In such applications, a superior long-term solution is for the FT 

sensor to output analog values, and receive them with a DAQ card of arbitrary 

complexity and sophistication. An additional benefit of this solution is that a variety of 

DAQ cards are commercially available for each generation of computer interface bus, 

such as EISA, MCA, PCI, S-Bus, etc. Thus, the data analysis system can easily grow in 

10 sophistication without sacrificing the investment in a particular set of PT sensors. 

However, the problem of the association of digital calibration data with the analog FT 

sensor, and the transmission of both to a data acquisition system, remains. 

SUMMARY OF THE INVENTION 

The present invention relates to a system and method of communicating sensor 
15 data and calibration data from a sensor to a data acquisition (DAQ) system over a multi- 
conductor cable. The method includes storing calibration data associated with a sensor 
in the sensor, transmitting analog sensor data from the sensor to the DAQ system on a 
plurality of conductors, and transmitting digital calibration data from the sensor on at 
least one conductor. The digital calibration data is transmitted as a digital bitstream by 
20 successively driving the voltage on the analog line to first and second predetermined 

voltage levels for predetermined durations. The DAQ system interprets the received first 
and second voltage levels as a digital serial bitstream. 

BRIEF DESCRIPTION OF DRAWINGS 
Figure 1 is a representation of the components of a Force/Torque data 
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acquisition system. 

Figure 2 is depiction of a data transmission cable having two interfaces at one 
end thereof. 

DETAILED DESCRIPTION OF THE INVENTION 

5 Figure 1 depicts a Force/Torque (FT) sensor and data acquisition system, 

indicated generally by the numeral 10. The system 10 comprises an FT sensor 12, a 
power supply 14, and a data acquisition (DAQ) card 16, which is typically installed in a 
PC or similar computer (not shown). FT sensor 12 is a six-axis force/torque sensor, 
producing six analog voltage level outputs representative of applied loading with six 

10 degrees of freedom: F x , F y , F ZJ T Xl T y and T z . The FT sensor 12 includes an internal 
interface board 22 containing electronics and storing digital calibration data associated 
with the FT sensor 12. The calibration data may be stored in ROM, EEPROM, PAL, 
FPGA, register files, or the like, as is well known in the art. The electronics on interface 
board 22 receive signals from the transducers within the FT sensor 12, such as strain 

15 gauges, and covert them to readable DAQ card signals using noise immunity 

technology. The DAQ card signals are preferably differentially driven for further noise 
immunity. Note that small form factor FT sensors 12 may not include an interface board 
22, which in these cases resides in the power supply 14. 

The analog force/torque outputs (i.e., DAQ card signals from the interface board 

20 22 or transducer outputs if the interface board 22 is in the power supply 14) are 

communicated from the FT sensor 12 to the power supply 14 (and power from the power 
supply 14 to the FT sensor 12) via a transducer cable 18. The transducer cable 18 may 
attach to the FT sensor 12 via a connector 19, as shown. Alternatively, for small form 
factor FT sensors 12, the transducer cable 18 may be integral to the FT sensor 12. The 

25 transducer cable 18 is a long-life flexible cable specially designed for noise immunity. 
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The transducer cable 1 8 protects the FT sensor analog output signals from electrical 

fields and mechanical stress. 

The power supply 14 converts 5V power from the DAQ card 16 (that is, from the 

PC) to clean power used by the FT sensor. The power supply is mounted in a small 
5 housing that connects to the transducer cable 1 8 on one end and to a DAQ cable 20 on 

the other end. When not mounted in the FT sensor 12, the interface board 22 is 

mounted in the power supply 14 housing. 

The DAQ cable 20 connects the power supply 20 to a DAQ card 16, which is 

mounted in a PC (not shown) running special software. The DAQ card 1 6 is preferably 
10 commercially available, and may be easily upgraded to conform with whatever 

expansion bus interface exists on the PC. The DAQ card 1 6 receives differential DAQ 

card signals driven by the interface board 22, i.e., the FT sensor analog output signals. 

The DAQ card 16 converts the analog signals to digital values, calibrates the readings 

using calibration data read from the interface board 22 (as explained below), and 
1 5 supplies the resulting force/torque readings to special software on the PC for analysis 

and processing. 

The DAQ card 16 typically includes eight differential receivers. As six of the 
receivers are required to receive the six force and torque readings, two of the receivers 
may be utilized for other purposes. According to one embodiment of the present 

20 invention, the digital calibration data for the FT sensor 12 is transmitted from its storage 
the interface board 22 on one of the spare analog lines of the DAQ cable 20. In 
particular, the digital calibration data is transmitted on a spare analog line by "simulating" 
a digital transmission. That is, to transmit a binary one, the interface board 22 may drive 
the analog line to a high voltage level, such as 5V, and maintain this output for a 

25 predetermined duration. A binary zero may similarly be transmitted by driving a low 

voltage level, such as 0 V, for a predetermined duration. The DAQ card 16 digitizes the 
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respective voltage level of the spare analog line, and provides it to software running on 

the PC, which interprets the data as a digital 1 or 0 by a simple threshold operation. 

Note that in any given implementation, a variety of digital encoding schemes may be 

utilized, such as RTZ, NRZ, or modulation schemes. The SPACE and MARK periods 

5 may be predetermined durations, or alternatively may be "clocked" by driving periodically 

alternating high and low voltages on a second spare analog line. Many variations of 

implementing the present invention, including conformance with a variety of serial 

communications protocols, will suggest themselves to one of skill in the art, given this 

disclosure, and all such variations are included within the scope of the claims. 

10 According to one embodiment of the present invention, a split DAQ cable 24 

includes, on the PC end, a DAQ card connector 26 and a serial port connector 28. The 
DAQ card connector 26 connects six differential analog lines to the DAQ card 16. The 
serial port connector 28 connects the differential analog signals on which the digital 
calibration data is transmitted to the receive data and signal ground inputs of a standard 

1 5 computer serial port, such as one that conforms to the EIA RS-232 standard. In this 

embodiment, the interface board 22 drives the calibration data onto the spare analog line 
in accordance with the RS-232 standard. The calibration data is then received serially 
by the computer, such as via a UART (Universal Asynchronous Receiver/Transmitter), 
and is utilized by software to calibrate the force/torque readings from the DAQ card 16. 

20 Alternatively, the interface board 22 may drive two or more spare analog lines with serial 
digital representations of the calibration data in conformance with a differential 
transmission standard, such as EIA RS-485. In this case, a RS-485 receiver port on the 
computer, or an accessory card providing such a port installed therein, would receive the 
digital calibration data. In alternative embodiments, the interface board 22 may drive 

25 digital data on spare analog lines in conformance with any standard serial digital data 
protocol known in the art, such as for example EIA RS-423, RS-422, or the like. 



6 



Calibration Data Communication 
Coats & Bennett Ref. No. 4726-013 

According to the present invention, any FT sensor 12 is "plug and play" 

compatible with any standard DAQ card 16, without regards to separately maintaining 

and associating the calibration data specific to that particular FT sensor 12. Since the 

calibration data is stored in the FT sensor 12, and is transmitted dynamically to the data 

5 analysis computer (through the DAQ card 16 or a serial port), the danger of loading 
incorrect calibration data for an FT sensor 12 is virtually eliminated. Re-calibration and 
calibration certification are simplified, as only the FT sensor 12 need be sent in, and 
upon return, no separate calibration data need be stored or loaded. 

Although the present invention has been described herein with respect to 

1 0 particular features, aspects and embodiments thereof, it will be apparent that numerous 
variations, modifications, and other embodiments are possible within the broad scope of 
the present invention, and accordingly, all variations, modifications and embodiments 
are to be regarded as being within the scope of the invention. The present embodiments 
are therefore to be construed in all aspects as illustrative and not restrictive and all 

15 changes coming within the meaning and equivalency range of the appended claims are 
intended to be embraced therein. 
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